^sp@cenQt document view 



1/1 ^— V 



SEPARATOR FOR FUEl 




,TTERY AND ITS MANUFACTURING 




(0, Wo7q3-0( 
□[HOD 



. Applicant 



Patent number 



Publication date: 



Inventor 



JP20021 84420 
2002-06-28 

HASHIGUCHI SHOICHI; I AKIHIRO; SUZUKI MITSUO; 
INAMURA MASAAKI; YOSHINO SHOJI; KITADE HIROSHI 

MITSUBISHI CHEMICALS CORP 



aassiflcatton: 

- International: H0 1 M8/02 

- european: 

AppUcation number JP2001 0307187 2001 1003 
Priority number(s): 



Abstract of JP2002184420 

PROBLEM TO BE SOLVED: To provide a separator for a fuel battery formed from a heating pressure 
molding containing a graphite powder and a binder, requiring a less content of binder without lowering 
breakage resistance and bulk density to permit sufficient development of the performance such as 
conductivity of the separator, and its manufacturing method. 

SOLUTION: The separator for the fuel battery is fornned from the heating pressure molding containing the 
graphite powder and the binder to satisfy a relationship of the following expression under deflection such 
that a bending stress-deflection curve measured based on JIS K7171 shows the maximum bending 
stress: E1/E1/2<=0.75 (I), where E1=(&slgma 1-&slgma 1/2)/&epsi 1-&epsi 1/2), E1/2=(&sigma 1/2- 
&sigma 0)/(&epsi 1/2-&epsi 0). The method of producing the separator for the fuel battery by mixing 
graphite powder and the binder followed by pressure molding under heating comprises using rubbers as 
the binder. 
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Ei/2 = (cri/2 -<?o ) / (^1/2 ) D St/, 
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^#:*»^>=5:'5 , J I S K 7 1 7 1 l:2p»!iLTaa^L 

El /Ei/2 SO. 75 (I) 
Ci»:(I) El ft::*;JE:)3 (<7i ) tc*3{t^^*>;i^ 
(ei ) t s -e<73^C*>;V ( e 1 ) <?)l/2<ic7)7t*);?i 
(ei/2 ) . 2aiX^-<7)l/21S<0;ti:>;^ (£1/2) 

El = {cfi —ai/2 ) / (ei -ei/2 ) 

(ei ) cr,l/^2mcr>fzh^ (eui )RX/^<Dly'2 
m.<r>fzh?f- (ei/2 ) iCtittSjEi^J (cri/2 ) i:, Jti> 

( £0 =0 ) xt^m:'3i5ai&^ ( <jo =o)tf^^ 

Ei/2 =(cri/2 -<yo )/<ei/2 "^0 ) 

( <Ti -CTb ) / ( fib -El ) ^ 1 

Citdll) 4'. iJi Jtf^ei it(l) Rt^dDtcfclt 
15:^3 ( = 0) TS)^. D 

[ it«Ji 6 ] nitis^* 1 0 0 a* 

gPt^LtO. 5~2 5fi»g8T'S)&it««i:n)^5c7) 

[ if « JS 7 ] ||IS&'*0^fe)^S*-' l~100//mT' 
-S. tS*« 1 :P>M 6 tfO t ^-ri^*H:f C0«mtt?fiffl ^ 

A & ffl V ^ 9 t:ie«l<0«^«?affl -b^ n- ^ - ^J' cO 

[iil«5S 1 1 ] ife^W<Offiffl«S:IIISr/^* 1 0 0 M: 
n\m\^XQi. 5~2 5fi«g|5fcf ■g.il*«9Xti:10 

m^-m. 1 2 1 w^Vi^^mmmmw^^^\if}'m. 



^7fctt.X'(ni^h^Tf,zi5\-^X. T^(n)<?3lSS^2:i1l 

E3/4 /Ei/4 SO. 70 (II) 
CSdi)*, E3/4 {i, (<3i ) iznnhtzh 

(£3/4 ) , lBC(/^<r)3/Am<^fzi:>^ (£3/4 ) 
(tSlG:)] ( <y3/4 ) *^^^d^>'ZX 0*J6/s*{fW14* 

E3/4 = ( <Jl -<J3/4 ) / (£1 -£3/4 ) 

X'M. El/4 ©:^JE:'3 (<y, ) \,zii\^ htzi^^ 
(ei ) <7)l/4ffl(7)7t;b;^<- (£1/4 ) S.t^-?-cO 1 /4 
m.<r)fzt>?i- (£1/4 ) tcfcttSlE^] (<yi/4 ) J:> =''-^5 
ABB4&/iS ( £0 = 0 ) m^HSnmikA ( tJo = 0 ) *>^> 
J; D tt{f 

Ei/4 =(<Ji/4 -<Jo )/(£i/4 -£o ) 
mtO/ti:);^T(ci3V->T. TIE^dll) cOW^SrjPtJfT 

ig*3s 1 xti 2 i<z%m<^:)m\wikm'^f^\y—9 . 

, 500 (MPa/mm) (III) 
M««OillJSSr 5—90 a»% i: -ri. 1 2 ti5« 

^««i:il-^-r-&lf*^97bMl 3cOV^-m*H;fe«<0 

5] ||IS^*<^%ia@*«l-l OOjum 
TS> -g. ft^JS 9 7!;^ 1 4 c7)V ^'ttli}HZim.<r>jm^^ 

ffitcaE;<fXliSRm«JrJgfig$-e:€.lt*^9:n7Ml 5i0 
[000 1] 

[0002] 

mwix-^y^-f ^y^L. ^<7)m^miz. ^-x^N-yrtt, 
%mcoKm:^'^WMtLxcr,m^. ^iEftms^oo-t/s- 



m 

[0 0 0 3] L*>L^*<A>, mMifmti^mMki^m 

[00 04] 

[^Hj**»^L J: o i:-r-&»s] mm^b 

OKjt:rS^ffi«f S ^1 i: 2: S . 
[00 0 5] 

m^t ^■^^•thtmmmm.mwt^^tc o . j i s k ? 

1 7 1 tcJi»!itTS!l^L/itt{m:»3-;^^ib;^ffii^*'\ © 
[0006] El /Ei/2 SO. 7 5 (I) 

CsCd) El {i. (<7i ) t.zai.'thrzi^yi- 

(ei ) fc . -^-iOTti^^S^ ( e 1 ) «?51/2ffi(;07ti?^ 

(ei/2 ) . m/^<^l/2m<r>tzi>^ (£1/2) 

El = -Oi/i ) / {ei -ei/2 ) 
T'?>0. E,/2 {±, (<?i ) l,zi5nhfzh^ 

(ei ) Ol/2<ic0/ii5;^p- ( ei/2 ) &t/'-?-co 1 /2 
ffico^;b;^ (ei/2 ) (cfctti.Jie:^ (<?i/2 ) i:. tzh 
^mkA ( Co = 0 ) ( tfo = 0 ) *>^> 

Ei/2 = (<?l/2 ~Cf0 ) / (^1/2 ~So ) 

[ 0 0 0 7 ] X, ^^mt. msm^tmmMb ^m.-^ 

[0008] 

0 . J I S K 7 1 7 1 tcm8!it-C«!lSL/ift{f JC:^- 
fzhP^imtK WL±mm-^^^-tt.X'^rzh^T^zi5 
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[0009] El /Ei/2 SO. 7 5 <I) 

C^(i) E, Ji. feME:>3 (tfi > tc*3{t-&;^:i?» 

(e, ) i; . -eOTti?^ ( e 1 ) 1 /2ffi<;0/i*5P^ 
(ei/2 ) . St/^c7)l/2<iO;ti>;^ ( £1/2) 
It ■& f5:»3 ( «J 1 / 2 ) ■b^hil^t.zi.y) ^ibtz ft itlitt* 
El =(<Ji -<yi/2 )/'(ei -£1/2 ) 
-eS)^. Ei/2 e:*;Ii5^] (<7i ) l^zi3ifi>fzhPi- 
(ei ) C7)l/'2fflc0/iip;';i (ei/2 )J^t/-?-01/2 
(ei/2 ) iznifi>m:fJ Kgmi ) b.fzio 
( e 0 = 0 ) WJ^mm^i^ (a^ =0)ipi^ 

Ei/2 = (t3i/2 — tTo ) / (£1/2 "~£0 ) 

[00 1 0] C:-IT\ J I S K7 1 7 ltcJi8!lL:'iffi 
tffE^b-Jtip^ft^a. 1 0 0mm. gl Omm, 

m^5mmcr>^(mm}T-^. tamsnS^i^b LX<7y 

T, SL^raSEM^SOmm. trC^^iKSr 5 mm/^i: L 
[00 11] -etT. MieEi /Ei/2 {±.0. 7 OUl 

^uv\ X, luieEi /Ei/2 (4, aso. 1 StLht- 

S>0. 0. 2 0J^Jl±-CS)^cO**iif*L<. 0. 2 5iiLh 
•t'3^i.<03{)*Kfcjff*tVi, El /E,/2 **lin£SKffl)e3S 

•3. ate. fiMB#-C'£0.^JJ5S^ti.?,^i^^«0KStr^ 

[ 0 0 1 2 ] X, *l|BJOM^«^fiffi-fe^^°^-^{4> ft 

[00 1 3] E3/4 /El/, so. 7 0 (II) 
C^OD*. E3/4 ti, fb*;JC:»j (tfi ) \zii\Wzi> 
^ {£1 ) b. ^<ntzh^ (£1 ) (m / Am.'^fzk'?)- 
(£3/4 ) . mf^^<r>3/A'mfr>fzir>?i- {£3/4 ) t-fc 

E3/4 = ( <7l -<?3/4 )/(£! -£3/4 ) 

X'^'O. Ei/4 fi:^lC:^j (a^ ) t;j3(ti./2*>/^ 
(ei ) i7)i/4ffl£o/^:*);^ (£,/4 )mf^n\/A 

^<r)tzi>7i. (ei/4 ) tcfe{t-&fG:^D (<?i/4 ) b. fzir> 

^m^!^. ( £ 0 = 0 ) m/m-^mt^i^ ( <? o = o )' a^^o 

<Js:^lc J: 0 *i6/;:ft(f piS^ 

El/4 = ( <^i/4 ~<3i> ) / (£1/4 ~eo ) 

X'hh, ^ 

[ 0 0 1 4 ] LT. HUlBEs/* /Ei/4 {4. 0 . 6 5 
iilTT'S).i.c?)**3gfc»*L<. 0. 6 OJaTTfcSO** 
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mziiftt^\ X, miEafi /El/4 fi. 0. 0 5a 
st<, 0. i5]iLtx'hi><nti^mzntL\\ Es/* 

{Oi -Oi ) / ( Cb -ei ) ^ 

mf) (. = 0) x'h^. 3 

[0 0 1 61 -eLT. wrlB ( <Ti -«7b )/(eb -e 
1 ) a. 1 . 2 0 OMP a/mmJjiT-C-$>l)0/&^'jg{C*f 
tL<. 1, 0 0 OMPa/mmlilTTS>&<?D*^'!»tCiF 
*U<. St*. 8 0 0MPa/mmOTT*S<0*««F4 
Li-*. (01 -t^b )/(eb -ei ) *<mnE®H^iii 
Tii, •fe>'>V-^' i: LXco^mf^RV^^mmiziUfh^ 

miznLxx/r^<Dfmti^^<^*). mmtzm'oM^^m 

rBli:=S:5. i^, lulE (<Ji -cfb ) / ( eb -£i ) 
{i, ji^SMPa/mmtLh-rifeO. 1 OMP a/mm 

[00171 2|s:^HBiO«tiH««Iffl-feVN"^-:J'tt5V^T. 

r7-i?^^Sr±ilJ|sji:L. MS, HfB-fCfc 

[ 0 0 1 8 1 X, *^HJ(cfc(t^llSSe^*i: LTti, ^ 
Hit. ^Wptt^<?5ffl*>^>. l%JjATtOtO*« 

'J '^MMfT)Vii 'J±^^JR<o-i-***^ 5 0 0 p 
P mOT<0tt7);&«iff^ t < . 1 0 0 P P mJjiT«Ot<?D*« 

[0 0 191X, ^nv-^k.\^fz}i%<rmw^n'&i. 

^\ X, S^^*^". 9 8%liLtiOt«0*W*t<. 9 

[00201 mz. 2|s:f|B^(CfcttS^IB<»*i: tTli. 

■fe>'N'U-:5"tttg^coffi*»^>, Sc*;*4fl*^ 1 , 0 0 Oxz 

L<. 3 0 0/zm<7)t>«05i«^lC»*Lv>. X. -lr>''?U— 

V\ ta!-oTs ¥%f4@i: trti, 1 — 1 0 0/xmT'J)^ 
c7)*i»iL<, 3~7 0/xm-C'*l)tO*5Xti?* t<. 
5 — 5 0;izm-C<fe*c'D3&«!HF(=»iL.V^ 
[0021 ] *l6BJ^O^«mffl■fe>'^"^--:5'^^t5V^T. 
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iinh±'^mmt,znLxmwmifi^^m\ t ^n. , 

[ 0 0 1 5 ] X. *^BJ^^mm^^W-t^^•^-^{i:. 

, 500 (MPa/mm) (III) 
{i:, SSliilS2r9 0aa%JaTi:-rSO*iift L<. 8 0 

ms%\3Tb'ri><7yifim,zn-i. u < . 5 o«*%WTi: 

[0022] *^BJti3V^-C. LT{7):fAai: 

m<o. mm^zMLxmm^j^iz^m^ttXK^hh<Dco 

[00231 JjUbeO::/i>.»«0"fC\ ^fgBBfciSl^TJi, 
d-JU. ^^W->'y^'$^x>-:^A, y^/Pd-A^cOi/'xy 

Uy;fA, X^^>'r^'i/x:x::/A. y^jl-zfJ^, S. 
X/^ >?.f-l':>'j^n]^ttx9Xhv-. ;KU:t^7^>' 

[ 0 0 24 1 X, *:^Bjfcja(,-»-c«i, BulB::fAa$r. ^ 
[ 0 0 2 5 ] jS^. LTc7)i^.^Mttfflllii: tT 

ia^a--i^'Jxx7^;u^«Bi. *^yT5K^«li. ;KU;&- 
[ 0 0 2 6 ] X. fi^maia. *<7)i»^#jfi-C-ffi 



!( 5) 002-18442 



2 0 0 2 - 1 8$8 



0 o'cms^xrx'hhcD^mt t< , 3 5 o-cnmi^xf 
X'h h (DtmzM * t < , 3 0 0 'cgjKOT-cj> s <o** 

[ 0 0 2 7 ] X. Ji««cr)^'7XSE^^t LTii, 5 0 
•Cm±f h cr>tm^ L < , 8 0 -CtUiT'S) 1. 0*<jglC 
»tL<. 1 0 0'CiaiiT'S>-S.^*^'#tC»*Ll\ i^, 
;y7^ie^j^C<0±IS{4. M«1tig^H*»^>. 3 5 O'C 

gsmT-eS)Sio*ws L < , 3 0 o'cw^XTX'hh 
coffs.i<zMiL<. 2 5 0'cnm^JTX'hi><^timiiZig- 

[0028] *l|BJc^)MS«^^M■fe^^•^— HtTlSM 

izxru^izM-^-t^tK m^^ii. -nxii—m^m 

u—ju^ ^■iyj^v—^^'^-. y^'^y 
y-meowmizx'om,-^. mMLtzm. tmri,zMe. 
mm-hzbizx^mit^ti^. i^, ^^mzii\.^x. 
i}mrt>zMS^-r^ti±. Em^iihti*). 

^■th%>cf)X'h*) . mmmzM. Em^mmt,\^^^. 
c 0 0 2 9 ] X, mi'^^^hmm^h<r>m.^i 

cr>tmtL<. ^<r>-wmm\tL.x\i, mtu. y^ 
y^ ^y^y^ ^^-^y^ ^y^fy. i:^-?ym^T)V 
ijym.. i^^u^y^y. i^-^a^^-^y. iy^n-^y 

^y, i^-^ui^^ 9y'^cr>i^9x3T)V'AyW.. XrJ'y— 

-^yfiiJ-f^. VT^vyr)Vzi-iv^ yfvyv 

yi^jV-^w/)Vy. x-f;HrDyyky. y^;H:ayyl^ 
y, jt^Jl^uV JUyr-tr—h . xf-yHray/wyr 

tfU'y-^Un— ;u^y7'-^/i'X— r^ur-fe-r— 'Jy 

^hyt-vny ^ym(7)x.-y'jm. mmy^fi^. »B! 

hVl^b'yi5xf-;P. xf-;l^-2-b Hn^i^y^l/ 
-h, xf-;UT-fehT-fex-h, fli!^f-;K ?L^x-^ 



;K 3-^ h=Jf>'rQt:t>'^^f-yi^«^x;?.T-;l4i> 
i?00;fv;UA, ^^^Vy^ xb^^'ODX^y^tfO 

fl<^iaStt^M^3&«#tf 'c><t. ^X\ mmwMwm 
[ 0 0 3 0 ] X. mlEift^Cfcttl.MI{i^*t trti. 

zcr>mM^(^^mimii^mmizm\iLxm^^i>^ 

[003 1 ] 3|s:f&HfltCfcV^T, fe«ffc73^5gfflM{±, 
m^lOOMMmziULXO. 5-2 5Sl:gPfc-ri.<7) 
*Wtt<,0. 5~2 0*»gCi:-r^cO*-'S(c»iL 
<. l~2 0S«^i:-rS<7);&«^t3«F^ L<. SE*. 2 

~ 1 5 M-sp t -r i^*^*f * L v. , mmttcommmtim 

[ 0 0 3 2 ] j^. mim.-^i>z}3\^x , wm^mt:m\''^fz 

20 0t:s*]y,T, in»i^J4, Si^SU+i^fcL. 
[ 0 0 3 3 ] X. fitEj!)n^*«S:-^*'>5tBfriejl-&tci^ 

:mmmt L<ii3 mm^mt^^ J: o tSl^B^ 

[0034] Zcr,fm^'^ , i 0 , i^m 

mmm:t^iS^iii±.X'-5^mt^j:^-^WimaT. MtL< 
(i5 0-4 0 or. sgt^if^ t<Jil 0 0~3 5 0'C<0 
iagoJp?aT, »*t<t42 0~4 0 0MPa. 
*L<{i40— 300MP a.cr>s.^X'l}nS^'t^ i: 

twiO. a^, mOJ^mcO^^iP^^ 5 0-5 00m 
m, jl$*<2~l OmmSJKcomMO«ei^<0-fe>''?^-:5' 

[ 0 0 3 5 ] X. mmsAmizi6\,^x . ±mmmiz^ 
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[0036] 

[0037] mmm i 

^mLm2 0Mm(7)^zm^^5 O 0 gtCh/l/Xy 1 

0 0 c c iriaix 5^mm.-^Lxmi^rA^'^w^^'^fz 

TpBicTj^d'jU 1 5 g Sr h;uxy l 5 0 c c izmm 

L. d:\-^x\ 7 0r-C3 0^PBlJn». fg^^-ttJ'c. 
Tl 6 ;^ •/ A ( Bm^ 1 mm ) <7)litc*»{ti>t«f^ 5:^ 

^L. ^<r>^X9 8MP a.<7)m:flTT26mTU:^^ 

mt. 6 0'ctx'<%mmK-r^zti,z^r)^ ^i^i^ 

<7)*$^^ 1 0 0 mm, 5mm<7)iliR:^(rmmnMM 
[00381 #^iX3t-fe>'N*P— ^-^i, J I S K 7 1 7 

1 izmuLxm^Ltzmfmfi-tzh^m^<^&kMf 

mili^-ttX'CDfCih^TiZiUfhEi /El/2 {iO. 
33. E3/4 /El/4 »iO. 19. (<yi -<7b )/ 
(et -ei ) «i4 0MPa/mm-C$>-5/c:. X. «ffi 

&ti-c«^T i>mmzxi>mtni^j:< . ^coi^mmi 

1. 9 9g/cm3 -CfcO, X. #2^t»i:^ii9mQ • 
cmT'J>-?3t, 
[00 3 9] 

-5-<7)l Sglrh/i-xygOccicJt^^-ti-^it^JK 
E:^3*69MPai: L^tCl h <7)J'f.{±, IIM0"J 1 h mU^Z 

mm^^X'm'^xi>msii,zi.hmix\i^j:f}^'ytz, -e 

El /Ei/2 . E3/4 /El/4 . Rt/ (a^ - ) / 

10040] mms 

5^=f A 1 0 g h^Px V 1 0 0 c c izmf^^-^fz^W. 

imm^^mi}izMtfz^i-it. m&mitmmizL 

fl(flE:J)-/t::b*filSici3{t?.Ei /E1/2 . E3/4 / 

E,/4 , StX (c7i -c7b ) / (eb -ei ) . 
ic. ^mi&. im&t}Lm^:mili,Z7pLfz. 



[0041] mmm4 

-f-iO 1 0 h;UX>'6 0 ccizmm^^fcWWL 

i:mm^Mmmzi}\ittzni±. mtfiMi tmrni-zL 

X. ■t^'<U-:?t:mtLtz, »feixf^-fe>'NV-^'ti. * 

mim:h-fzh^mmiziH'r%>Ei /E1/2 . E3/, / 

Ei/4 . Rlf {Oi -Oi ) / ( Eb -ei ) - 

2 4ju mco^mm^m^ 5 0 0 g h /t-x y 1 

0 0 c c t:mx.x s^mm.-^Lxm^'^^i&i^^f'^ 

1*. tiSS.<7)^?^::fM, 3 3. 5 g S: h/Uxy 3 3 5 c c tc; 

mMLfzik. --y-A-A>5xoaitt^iat'2^s 
m^m^x.nf^tifcmmit:. ^^^-^x'2'^mm 

^LT16^>yvjt. ( gpg; 1mm) tfOi$lC*Ht^Mf^ 
2r^0iI-r.ri:t-J:0. :^a*n mmOTi:^?>J: 5 1 
f^^t^f^, S^cO^MlC3««t. Sia*>4. 1 8 0^4 
-C'#^ L , ^coaST 6 9 M P a coE:;»3Tt' 5 rJJ-PairP 

:^m^L. 4 0'ctx'i^mmK-t^zbizx'o. mR 

X/m<r>^^^'^ 1 0 0mm, 5mmcrm^<r>mmM 

mm-tJ^i^-:S'^m^Lfz. ni^tifz-izj-^u-^fn. m 
m^mx-m-ox i,mi'^i,zj::^mtLii^j:i}^-ofz, x, 

ft{fJiE:^]-/^i5^filS2rll2i^5^L, m^mziUf&E 

1 /Ei/2 , E3/4 /Ei/4 . RX/ (c/i -tJb ) / 
(eb -fii ) . Mt^tC. ««Jg, f^^Sm^Sr^ltc 
TjkLfZ. 

[00431 ll*t^J6 

•yd[J^im\^. -e'^2 5 g$:h/Uxy 1 50 c cic^M 

^^ttzmmims^^^^mi^z-mx.fz^t. rx/. 

:xigm^<r>Ei}i: 9 amp a. bLfzZ tcomt, hjim 

5bmmf,zLx. ■^^■<u-i$'^mi^Lfz. n^tifz-k^^ 
i^-^j'ti, ^m^rnxm-^x i^mmzx hmtm^^t-^ 
fz. X, ^<omm:h-fziJi^mi^i:m3i>z7r:L. mm 
mzaiifhE^ /Ei/2 . E3/, /Ei/4 . Ri/ 
-0b ) / (eb -ei ) . Mu^fc, si&je. immK 

^S:«lfc^L:^. 
[0044] IIJfi0iJ7 

mmnco^-i^^b LTilTSK<:7)x^^y7':?>''xy7'n >y 

tmt^X'hhx^uy^:sjm'it:i^^:^h'7-t:m^K 
^<r>2 5st: hju^iy 1 5 0 c c {zm^^-^timM^ ^ 
^^^mzMtfzZb. Rl/. rvxmB^<7)K:h 
i9&mPa.bLfz^b<7mt. HJft^ 5 i: PI«tc L 

m^^x-m.nxijWSi^zx^miit^s-h^'^f^. x, -e^o 



!(7) 002-184420' 



0 0 2 - 1 8$8 



1 /E,/2 , Eg/, /El/4 . (efi -<yb ) / 
[0045] mmma 

-e«7)2 5 gSr h/l^xy 1 5 0 c c l,zmm^^^'Z'^i&^M. 

1 /Ei/2 . E3/4 /E,/4 . M/ (Oi -ot, ) / 
(fib -ex ) , Mmc. SISlJg, *a^n^5r«lfc 

[0 046] Illfe0i9 

(X^W->-^*^*«j6 5*4%) iO**^Jn 
-?-c02 5 g$- h;px>- 1 5 0 c c 

i:9 8MPa.bLtzzbco9m, mmstmmizL 
mi:^x'm-oxijmi^i>zxhmni^j:t^'^fz. X. -eco 

Mfm:fi-tziyi^^Wi^Mei,zmL, |5lft^tct3{tSE 

1 /El/2 ^ E3/4 /El/4 . (tfi -tfb ) / 

[0047] HJSfiHJl 0 

mm^tLx-i\im<^^v:^^iy>- (^%^^a2o:^) 

t xf - P y y ^' i^'x y y n -y ft«-^#:-C'*> hx^uy 

^m^m&j^^:^ i^^-bcom^^ (*»jt5 0/5 

0) $:fflV>. -?-<732 5gS:h;l'XVl 2 5c cl:^»$ 
^mcoE^ $:98MPai:t7'cC:i: eoi^Wi. ^Jfe^ll 5 

X. -?-coft{fiE:ti-?t;b;^ft^^ll7lc:^t-. Nfl 
mizHifhEi /Ei/2 . E3/4 /Ei/4 . RX/ {Gi 
-<yb) / (eb -ei ) . m/iz^ sa^JK, fiMlfiSl 

[0048] mmm i i 

i; xf - y y ^ i^'x yyo y ^«-^«sto**SS!ini^^ 
(aiit3 0/7 0) SrfflVK -5-02 5 g S: h;l-xy 1 



0 0c ctc?§M$-ii-:^c?§?gSriya:&^*SjS!H!icaiJi.f>:C: 
S.t/^, rW'Xfi^B#<oJE^]^9 8MPaf:L:tC:i: 
OWi, 5l*fe0l5fc|5|«tcLT. -b^N*^-:5'SrKitL 

ia8tc^L. l^ffiMllcfcft^Ei /Ei/2 , E3/4 /E 
1/4 , 2Str/ -c^b ) / (fib -Si ) . Mt^tc. 

. wmm.tKm^m i tc* l . 

[0049] ^Sffi^Jl 2 

fflW -?-<02 5 gSr h/Uxyi 2 5 c clc?§P$-ti:/i?§ 

m^:m^^^mm(>zMttzzb . m/. yux^m 

<7)Eil^9 8MPabLfzZb<r>mt. IISS«^J 5 i: 

X. -ewfttfjC:^3-/si5;^ft^*-09ic^L, PlftJStc 

tJ{ti.Ei /El/2 s E3/4 /El/, , ^^t/ (cr, -o 

b ) / (fib -ei ) . ^v^iz. mmm. i>^mmn.mi 

^ll,z^Ltz> 
[0050] Jt(K««Jl 

fUM^W^ttlW'p (m?S*-^yit» rG4 0 5 J ) S: 
»fl£;:»3-;t*>;^ft«tc*ilti.E, /Ei/2 , E3/4 /E 

1/4 , SlI^ { <Ji -cfi ) / (eb -ei ) > Mt/tC. 

[0 05 1] imm2 

^i^gl 3jum<0?c«SIIKii»*5 0 0 gS.l^7xy- 
yt^fflliS-fbffJi: LT <7)/N.^-9-;< f-U- y v-'T 5^5. 25 

gtcxij^y-zn 0 0 siMtxu-^txmim^i:^ 

^^•ti-Jtflt, TUIE«0-/'-K7>y:?'^7xy-;W^li7 5 g 

^ji^y-fUl 5 c c t3?§M$-<±^c?§^S:jD;t, 

x-^-4"T'iii#ra?g-&. mrnvtzm. ~-ir-ip(>wi 

S.^^-ipX2-i^mm^LX 1 6;>< vi^jL ( 1 m 
m) <7)miz-f}-l,ihmi^t:U<0i^-tZbizi>0 . 

^ia*^<^2 0 0°CST'#St. -?-c7)^T'9 8MP 

a c7)a:J3TT- 1 5 ^^ruxm& L . 4 0 -c i T'J^aif^ 

I^E-tSClttJ:'?. *SlRUf«|cO:R$«-^ 1 0 0mm, 
J?$ 5mmC0«*^(0^^m?ftffl-fe^^°l— ^'S:8?jtL;t. 

TjkL. mmmztuf&Ei /e,/2 . E3/4 /E1/4 . 

RZ/ (Oi -<?b ) / (et -ei ) > MW^t^^ i*^ 

^asiJt^s-^it^^Ly-^. 

[0052] 
[«1] 



!(8) 002-1 8442i^P200 2- 1 8$8 



«1 





ft rf 4# {4 




(mQ*ciii) 


El 




(MPa) 


0am) 


a i-ab 


mmm i 


0.33 


0.19 


8 


0.20 


40 


1.99 


9 


2 


0-32 


0.18 


8 


0.23 


35 


1,96 


12 


mmm 3 


0.34 


0.18 


7 


0.20 


35 


1.98 


10 


mm 4 


0.34 


0. 19 


7 


0.16 


44 


2.00 


10 


usisM 5 


0.32 


0.17 


8 


0.43 


19 


1.94 


24 


SSSS^^ 6 


0.30 


0. 15 


7 


0.39 


18 


2.05 


9 


mtm 7 


0. 27 


0.13 


21 


0.09 


233 


2.11 


3 




0.44 


0. 25 


25 


0.03 


833 


2.11 


. 3 


^«^J 9 


0.34 


0.21 


30 


0.05 


600 


2. 12 


9 


mmmio 


0.36 


0.21 


13 


0.28 


46 


2.08 


6 




0.27 


0.15 


30 


0.08 


375 


2.02 


6 




0.28 


0. 13 


10 


0.28 


36 


2.06 


9 


tmm 1 


0.80 


0.74 


42 


0.02 


2,100 


1.95 


1 




0.78 


0. 82 


24 


0.01 


2, 400 


1.89 


9 



[00 53] 



[H5] *^BB^^S|St0l|8t'^f^>n^j8m^^^!5ffl•b''^• 
[06] 3|s:5feBB<7)||J£fia| 9 -Cf# t:,ixrzmkm^-^f 
[07] 2(s:|%BgiO^JI01J 1 0 X'nt:>iXfz^Wm^ 

[08] *^Bj£7)||Jfe0iJ 1 1 T^# ^ix/cM^li:?M3-t 

[010] :^9tm(oimm 2 -c^ '^.tTj^M^^jaffl-k 
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[HI] 




■R 




i> » (■■) 



(aO) )02-18442d^P2002-18$8 



[113] 

7 

6 - 

fi - 

4 - 

3 - 

2 - 




O O. S 1 1.5 2 2.5 3 3.5 4 



[114] 




0 0. 5 1 1. 6 2 2. 5 3 



lab :^ (II) 




2 00 2-1 8$8 



0 I I 1 1 1 ' * ■ 

0 O.S 1 l.S 2 2.5 3 



*> ^ (li) 



[06] 



7 




0 I 1 Lj 1 1 1 1 

0 O.S 1 1.5 2 2.5 3 



t> * (ii) 



9 

# 



(a 2) )02-184420^Pfe002-18$8 



107] 

7 I — 

6 - 
5 - 



^ 4 - 




0 Q. 5 1 1. 5 2 2 . 5 3 

fc b * (■■) 



[08] 



7 




0 0. 5 1 1 . 5 2 2.5 3 



thJ^ (ii) 



(a 3) )02-18442^^2002-18$8 




(*14) )02-l 8442^^2002-18$8 



?#^;iimiiii^TtJ»^Eii5feBairiooo#fl!L ^)mwm^mwmmm(Mm>. 
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a07 EE06 EE18 HHOO HHOl 
HH05 HH09 



